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Abstract of JP2003003233 

PROBLEM TO BE SOLVED: To provide a high tensile strength steel (a steel sheet, and a steel pipe including a 
welded pipe) having unstable fracture resisting characteristics, in which 85% ductile fracture transition temperature 
SATT 85% in a DWTT test in API standards is <=-30 deg.C, and absorbed energy EDWTT at -30 deg.C is 
>=5,000 J, and to provide a production method therefor. SOLUTION: The high strengh steel has a composition 
containing 0,01 to 0.10% C, <=0.30% Si, 1.00 to 2.50% Mn, <=0.010% P, <=0.0008% S, 0.005 to 0.06% Nb, 0.004 
to 0.025% Ti, <=0.05% sol. Al, <=0.0040% N and <=0.003% O, and the balance Fe with impurities, and also 
satisfying the inequality of 20* S+P+5* (N+O)}<=0.045, and has TS(tensile strength) of <=750 MPa. 
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(57) [gjfo] 

SftKsATT8B% ^-30°c&iT, -aotJ-e^ftite^/u 

#«9J0>ffi3JLK«tt, C : 0.01-0. 10%. S 
i : 0. 30%.£aT\ Mn : 1.00—2.50%, P : 0. 010%J^T\ 
S : 0. 0008%£*T\ Nb : 0. 005—0. 06%, Ti : 0. 004—0. 0 
25%, sol. Al : 0. 05%J^T\ N : 0. 0040%J^T\ 0 : 0. 00 

3%JKT«r&*, a«Fe*5«tt5^«»-e, ^^o^t r {20 

XS + P + 5X(N+0)} ^0.045J SrSSfcU TS^5750MPa£JL 
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K*%T\ C : 0. 0 1-0. 1 0%, S 
i : 0. 3 0%J£TF\ Mn : 1. 0 0-2. 5 0%, 
P : 0. 0 1 0%«T, S : 0. 0 0 0 8 %EXT, N 
b : 0 . 005-0. 0 6%, T i : 0 . 004-0. 
0 2 5%, sol. A 1 : 0 . 05 %&Tf* N : 0 . 0 

0 4 0 %WT, O:0. 0 0 3 %HT, N i : 2 . 5 % * 

{20XS+P+5X (N + O) } 

(i) ^<n%mm^tm i P\^&tiz>£7um<D 
(«*%) sr«*-r^ 0 

*U 9 5M%«±, 8 Oflc8(%«±-C*)5»#3SlC 
BB#S3] fl*iIl^/cJ12icfe«(Dffi^SfflJ: , 9^ 

[w**5i «w»*«ai**i*fcf4 2icia«<oi*3s« 

0MPaBl±t% ri>o (-&tt<D§l3S3$£-5 0) MP a 

t*i o-8 0*i%"C*)5*iWW. * 

{20XS + P+5X (N + O) } 

(i) ^<7)^|5^tt»^i^*tv5#7C3R<D 

[0 0 0 1] 

ft^jera»ft«H4lc*nfc9l«!»S 7 5 OMPaK 
[0 0 0 2] 

[0 0 0 3] *S^»m^ (API) t*5V^f 

tt, X8 0 6 2 0MP a^±) ^ U— Kflto* 

1 0 0 (3I3S3££ 7 5 0MP aJ^±) *S«fct>*X 1 0 OS 
(fc£;ikf3l3§5ii* 9 0 0MP aBi) ©iSSSlflP^ L^- 

[0 0 0 4] 0J;ltf. #M¥8- 1 9 9 2 9 2^#*5 
it;#H2 000-19903 6#^*tCtt, Mn^t 
SSrSSfel-KSLfcX 1 0 Og^i/- WSaS7>f > 

[0 0 0 5] y-r^vyxii. SiSlffli LTftiil" 
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2 

*WT, Cu : 1. 5%«T\ Mo : 0. 8%J^T, C 
r : 1 . 0 %KT, V : 0 . 1 %J£AT, B : 0 . 0 0 2 
%«T> Z r : 0 . 0 3 %£JIT\ C a : 0 . 0 0 3%K 



313 



l$i«7 5 0MP a£Jl±"C*> 



^ 0. 0 4 5 .... (l) 

* [91**6] «*%-?, c 



10 



i : 0. 3 0%J^T> Mn : 
P : 0. 0 1 0%J^T, S : 
b:0. 005 — 0. 06% 
0 



0. 0 1-0. 10%, S 

1. 0 0-2. 5 0%>, 
0 . 0 0 0 8 %£*T\ N 

, Ti : 0 . 004 — 0. 
. 0 5%&sT. N : 0. 0 
N i : 2 . 5 % 
8 0%«T> C 
B : 0. 0 0 2 
0 . 0 0 3 0 % 
^oTIBCO(l) 



20 



30 



40 



0 2 5%, sol. A 1 
0 4 0 %J£AT\ O:0. 0 0 3 %UT. 
JE*T, Cu : 1. 5%£JtT\ Mo : 0. 
r : 1. 0%£XT, V : 0. 1 %J£AT, 
%£JtTs Z r : 0 . 0 3 %«T. C a : 
EJIT***, gf|5Fe1oJ;OT«T\ 
SCS:j»fc1-«S:, 9 5 0-1 2 0 0°Clc}jpS^, fKURJCE 
S^:4otttiSS9 0 0-6 0 OtJ-CffieSrftT 
U 5 0 0t:£TEJkftl 3 0 OlCEAT^H. 

0.0 4 5 .... (l) 

[0 0 0 6] ±|EOOj^#tttCloV>T{i, jfi^ 
it, #J;LfiAP ITl£^ilt^-5DWTT»fc^ 

*«-r5&B#*>5o xioo^i/-ra±^5iS7 
[0007] l*>u ±fs^w^*{c^snaa«^*5 

KoV^T#4^<4W*SlX"Ct , »*V\ -ftefrh, XI 00 
[0 0 0 8] 

©J:9ft*ttfSrlS4*L, gi«3S£#7 5 0MP a£Lb 

(jf* L< f*9 0 OMP ajy±) T\ L^tAPIIfe 
lca£Stt5DWTTK|fetabMta8 5%5£tt5ftffi»^ 
SS (SATTbs% :°C) ^-3 0°CJUT\ - 3 0 



50 °CX*(DVRltiL^*sl'¥— (vE 



J ) ffi 5 0 0 0 
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[0 0 0 9] 

[0010] tt*©iMC^^- Kffl-Ctt, /J^ttSKM 
las T$ £ ***»«>^ftSWMW«4 £ (O 

[0 0 1 1 ] mt-^LT, X 1 0 0 (5|«5fi5 7 5 0 

DWTT»ib1t5 8 5%I«igIi?M (S 
ATT 85 % ) t«lR3i*/U*— (vEdwtt ) Id 

ct 5 Kas««Mf o^ss? «wa«W4*sfEai"c* art 

[0 0 12] -tbT, 7 5 OMP aJW±(^iS3fi 

[0013] (a) C^ffi^O. iWM%siTXhzi& 

c%k<Dmm&£ 7 5 omp a£AJi<Dm&&m<Dsttm 

SrO. 0 0 0 8fft%6iT, &£L<fi0. 0 0 0 61 
*%, ^WSKfiO. 0 0 04fi%KT^t5 
£, 9I9B9A£**9 3 0MPaK±©*f-CJbo 

Tt> DWTTf»fcJ3*t5 8 5%I«IIMS 
( S AT T 85% ) iKiK^^M^— (v 

Edwtt ) ^[p]±l, y&HTfyji'tf 

{ 2 0 X S + P + 5 X (N + O) } 

(i) At©7c*ffi-^tt«1'K^4tb5#7cSio 
(«*%) ^S*1-5 0 
[0019] ( 2 ) xsas t A« * JIJBtftl^ £ 

(1) tCfE«ScOffi?*g« 0 

[0 0 2 0] (3) ±15 (1) (2) HBttOffi 

[0 0 2 1] (4) _b|E (1) ifctt (2) llGftOffi 

[0 0 2 2] (5) e#6M*_t!B (1) Sfctt (2) 

«»S«S7 0 OMP a«±T\ £>o (Sfl-O 513^3* £ - 
5 0) MPafiJLb, l§gM^T^a7-7x7^ 

UMloW^l 0-8 0fl«%?fc5iK9feMff. 

[0 0 2 3] ( 6 ) K*%T% C : 0 . 01-0. 10 



(3) M2 0 0 3-3 2 3 3 

4 

[0014] (b) s^i^ii^^n, amc^s 
tiz>p, N&xtfo mm <z)^***, a r {2 ox 

S + P+5X (N + O) } ^0. 0 4 5J % fftUll 
S ^ (20XS + P+5X (N + O) } ^ 0. 035J 

££f?Jt#t£a*fp]±U DWTTW»»C*3Jt5 8 5%M 
f£WEB3&&£ ( S A T T a 5% ) £ KlR^^/U*- 

10 (v Edwtt ) # £ ^±1" 5 0 

[00 15] (c) *l«FBtrt**^gB^JRJfi^^t&«) 
S^/Uv^iM hfBi^^ MEtf>£**#j^S\ 
m> 9 5#«%£JLb, 8 0fra%J^±(Ci~5t, Sfett 

[0 0 16] #3803 JifE^jLiCfi^VT^Sc^ 
fct©^ *©«SI4, TIE (1) . (2) 
m. (3) Offiu (4) - (5) (Dm®. #£X$ 
(6) <0S5^Sl<7)»ig;frfe|£&S o 
20 [0017] ( 1 ) Kfi%T\ C : 0 . 01-0. 10 
%, S i : 0 . 3 0 %£IT, M n : 1 . 00-2. 50 
%, P : 0. 0 10%«7, S:0. 0 0 0 8 %«T, 
Nb:0. 005 — 0. 0 6% Ti : 0. 0 0 4 — 
0. 0 2 5%, sol. A 1 : 0. 0 5%KT N : 
0 . 0 0 4 0 %£IT. O:0. 0 0 3 %J^T, N i : 
2. 5%JL^T, Cu : 1. 5%£ATx Mo : 0. 8%^ 
T, C r : 1 . 0 %UtT, V : 0 . 1 %«T B : 0 . 
0 0 2 %JW T. Z r : 0 . 0 3 %«T, C a : 0 . 0 0 
3%£TFSr£*, ^Fe^W»t\ TB<0(1) 
30 SC«r»fc-rtPI^C>*0, 5HBH$3SS7 5 0MPaJK±"C 

[0018] 

^0. 0 4 5 .... (i) 

% Si :0. 3 0 %WT, Mn: 1. 00-2. 50 
%, P : 0 . 0 10 %JK T, S : 0 . 0 0 0 8 %J£ATs 
Nb : 0. 005 — 0. 0 6% Ti : 0. 004- 
0 . 0 2 5% sol. A 1 : 0 . 05 %J^T. N : 
0 . 0 0 4 0 %J^T. O:0. 0 0 3 %£XT, N i : 
40 2. 5%J^T> Cu : 1. 5%J^T. Mo : 0. 8 0% 
EAT, C r : 1 . 0 %£TF\ V : 0 . 1 %£tT. B : 
0 . 0 0 2 %J^T. Z r : 0 . 0 3 %£IT C a : 0 . 
0 0 3 0%«Tm, 9MF e»XXJ^$m^ TIE 
O(l) S*»fc-rtPI*\ 9 5 0-1 2 0 0t;KJq!ft«L 
»S^^:ioT{tljaS9 0 0-6 0 o°cxi±m 
Sr*!TU 5 0 OtSrTEIfcftl^aaiS^fe 3 0 0°CJ^ 

[0 0 2 4] 



(4) 
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{20XS + P+5X (N + O) 

(i) ^<D7zmm^\tm*p\^*tiz>&7£m<D 

Stf* («»%) ^«*1-5 0 

[0025] ±ie (i) - (6) {c~mv>*mw 

fcjSl^TttU Ni, Cu, Mo, Cr, V, B, Zr^B 
[0 0 2 6] Sfc, ±|E (5) fr*5»t5**«Btfi*ffi 

frhteW<n i/i offiB*T^«&Hi*i£v^\ rtff^fr 
$15 fc ttpWPti^ & **b-?:ixrtff © 1 / 4 fig* TOta 

[0 0 2 7] 

t, ro/ oJ ttwc*b4v^5 rsao /oJ ^sft-T^o 
[0 0 2 8] £1\ mtDik^&jfcfc^^rjfc^Zo 

[0029] C : 0 . 01—0. 10% 
Ctt, JW«r*«t5IW-rttJf*5*, 0. 0 1% 
*»<0^*T*H:«IIA«fe*S^fi-e7 5 0MP aJ^±<S>3l 

v\, igfc, o. 1 0%SrfflitT**r**5i:, »*5±V 

0. 01-0. 1 0%iLfco #4LV><5ffltt0. 02 
-0. 0 8%, J:9»4U^j6ffltt0. 0 3-0. 05 

[0030] Si :0. 30 %J^T 

KttO. i 5%, £D#£L^_hPgte0. l0%Tfo 

5fc»ttS i^**Sr0. 0 2%£jl±J:t5^iJL 

[ 0 0 3 1 ] M n : 1 . 00 — 2. 50% 

i*r£tf\ 1. 0 0%*I^tf T1j:7 5 0MP a£i± 
<D§|«»SS:««-j-5ri:3jSHJi-C*>5 0 i»fc2. 50 

fg;T1-5 0 Mn^Sittl. 00-2. 50 

%tLto »4U>|S1H1. 2-1. 9%, £i9#;£ 
U^IEHttl. 2-1. 7%-efc5o 
[0032] P:0. 01 0%j^T 



^0. 0 4 5 .... (i) 

tf\ ^«Wfc«Att»ttfc;h/f\ iK4tt«t3^h 

±RB£0. 0 1 0%£Lfc o #*L^±fiRfi0. 008 
%, «fc0»4LV^bRttO. 0 0 5%T-fc5 o 4*5, P 

[0033] S:0. 000 8 %^T 

io ««b, ^xh^mmmm^mm^^&r^^tz 

0MP a£JLt v ttfrXh 9 0 0MP a £*_h£>iS53ftK#!IC 

<c^*fewanats:*!M± «: f+#i- 5 fc » & » s * 

S££C£-£&v^SS£ it, 0. 0 0 0 8%^TH 
20 fc„ #*LV*±Htt0. 0 0 0 6% it)»SUN±|fi 

do. ooo4%t*fc6o s-gr^rittftjfe-ra 
(1) ac*i«fci-!i&«as*« 0 

[0 0 3 4] Nb : 0. 005-0. 06% 
Nbtt, a53fiS*(D|3H4Sr^:B 

S>5^ 0. 0 0 5 %**(0^*^ttHUlE<08ti*^# 
e>Jxfcv\, — 0. 0 6%^xttt^5t 

30 T{&T"t5 0 r^fcfe, NbMlliO. 0 0 5-0. 
0 6%tLt. ffiU^lttO. 0 0 5-0. 0 3 
%, <t UV^ttfflttO. 0 0 5-0. 0 2%tfc 

5o 

[0035] Ti :0. 004-0. 025% 

Aft i xf* <Dtt&mAB9anWttm& £ ft ± $ -fr 5 5c* 
-cfcaas, o. oo4%*«io*«-cttffiiE«)«!i**5 

#feixftv\ — *\ 0. 0 l 5%Srfix.-c-&#S*5 

40 OttS:H*5«H-C*<, SSttSrtfSTU 

0. 0 0 4-0. 0 2 5%t LfCo »*LV^fflttO. 
0 0 4-0. 0 1 5%, «tD»SU^ittO. 0 04 
-0. 0 1 0%"Cfc5 o 
[0036] sol. Al :0. 05 %WT 

tfMbt LT^itu52>ctc:5E-<5NS:A 1 Ni: LTBf t 

1~5 ^tPsol. Al^WiTO. 0 5% 

50 *mz-z>t, mm<omm*%i\&*tztt-zt£<. mm 
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tttTJ^oTi&T-rSo rwfcft, A 1 co-g-^Tifi s o 
1. AlttiT'O. 0 5%Ji(TtLfe. £f*LI^-tPg 

14 0. 0 3 5%, J: t)£f* LV^±Pgf40. 0 2 5%-Cfo 

-So 4*3, TIEli#i:S*5*II4)!c^i5 ! , ffitZ<o%)M 
5 fed i4 sol. A 1 ^WSSr 0 . 000 

5 %£l± t -f-5 CD^S* LV\ 
[0 0 3 7] N : 0. 004 0%J^T 

^<Ofc#>, N^lrf40. 0 0 4 0%JJlTi:L/Co if* 
U^hUJiO. 0 0 2 5%, 4 t)£f * Li^±Plf4 0. 0 
0 2 o%T*>-5#, N-g-^r*(4(S(tix«{g:VMiif iv\ 
4*», N***f±*Jfrf-5(l) SSrfl»fc-r^5^fc5o 
[0 0 3 8] O (Ki) : 0. 0 0 3%KT 

12 0XS + P+5X (N + O) 

z=.x\ (i) ^(DTtmm^t. fflw^atizzfcm 

tf>^« («*%) £*5M-5o 

[0041] 4*5, ±e©(i) ^i4, *%w&tfmz.m 

•<5Hil£*3r4v\ ftbftfclS*d>e,, #5c3R^M«> 

5DWTT^{ct5tt5 8 5 %3H4i&ffiiI&?fi* (S A 
TT.s* ) tSlJR^^/PdP— (vEdwtt ) tS 

[0 0 4 2] £U*ft$ : fcf«!iWf5#<«a^ 
tt±tffig 1 0 0 0-8 0 OlCO^rajES^, 7 
5 0-6 0 0°C75^^SPi$Sl 8-3 5°C/#T'3 0 0 

°cutic§i$1- 5 flnit&sp&ss:*? r 4 o t^j? 2 0 m 

m0>««&ft$ o »^T\ #^ftfc»«<7)J±M2ff6]tB: 
^-rS^lpJ^b^K-^KSiL, AP I lcS^3ti-5D 

woTits^ti;it\ 8 5 %]ffitt«fess^aa (sa 

TT.5% ) bWVL^*^*?— (vEdwtt ) £PI 
[0 0 4 3] *fc, ItlEOTU) 5ti4, 

NiOlt ^fL^Ti, ftftttJ: 
5 1 £ r t . P (4 5 * n * fell-? * n (dffiflf 

tiJ 5 iT'*5J;5i;, s, NfcitfofcJt^Sif^a 



*s 0 . 0 0 3 %£ig;L5 i: , j?fa«>7££nfeBtt9lfflH£ 
#*<£-e#4< 4-5, :©fc)6, O^*(40. 0 0 3 
%HTi Lfc. £f*LvvkPSf40. 00 1 8%, it) if 
*Ll^_hPif40. 00 1 2%ffc5^ O^mtZ&ll 

ntffivMSJfivv, 4*3, o£*r*tt«i£+- 5 (i) a* 

[0 0 3 9] P, S, N*5iU?O«0M^ : rixfjTcjSro 

io (i) a*j»fc-r*«-*K-r5*j«#*)S. 1-4*?^, 

P, S, N*3it>*O©^WS^T|E(0(i) 3t£}£fc£& 
flt it#tt^ UiTU j^Sro^J&ttWgtritfttiJS 

*»-c*4v\ tje(i) a:* ro£ia-c*ji>p>ix5»4 l 

l^_LPg{if40. 0 3 5t'$)5„ ^££58[« 

* [0 0 4 0] 
} ^ 0. 0 4 5 • • • • (1) 

20 [00 44] #3§^roS3iS*«Sf4, Wi^it^fcffrf*! 
J&fc^ftfi+^T'fcStfS, i&gtOSCTNi, Cu, 
Cr, Mo, V, B, C a:fcit>*Z r (DV^-ftl^lffijy. 
±^»ffiW(-^0^3*Ttil.\ iO#-g-i4, $*3 
&Tll:<Dmmn. 4a»Tfc*^|BWf8©teffl«SH4, * 
8M4*»4 3 rir4< , iStttfciWSitt 

[0 0 4 5] Ni : 2. 5 %J^T (^»C0|g* LV^T 
Pgf40. 2%) 

30 n i (4, mvi&umvk, Mtt4ge«fwttttg£&HL 
tutns*, o. 2%«±©**r*-eiHFic45. l 

2/>U 2. 5%^gxT^*^-frTt, 3Xh±#CDfiJ 
l-)wf2<^*wfa±fW s /h£ < 45fc'ltT-4< , iAti 

aS«t»M^t5S^ON i MiliO. 2- 
2. 5%t-f-5<7)^iV\ 
40 [004 6] Cu : 1. 5%KT (tt^IJL^T 
PBf4 0. 1%) 

Cr : 1. 0%«T (fcWcDM* LV>TPBf4 0 . 1 
%) 

Mo : 0. 8%U1T (^DB#©M* LV^fEtt 0 . 1 
%) 

V:0. l%aT (S5JPB$<OM*LV^TPSI4 0. 0 0 5 
%) 

B : 0. 00 3%ti.T (^AOBfCM* LV^TPS(40 . 0 
0 0 3 %) 

50 Clft,P><7)7C*l4, Vvf*L<b, ^Att*fS]±3i±-T«^^ 
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^#)*U"</Uft#?3tl5ii S v Cu, Cr*3j:t>'Mo 
tl±0. 1%W±, VfliO. 0 0 5%EJl±, BT"(4 
0. 0 0 0 3%£i±0>-£3fr*-C8*Kfc5 D L^U C 
u(4, 1. 5%£:;@x.-C-a#£-t!r5£, 

Zk&hZo Cr, Mo, VfcitfBfi, -ttl^* 

*k 1. 0%, 0. 8%, 0. 1%, 0. 0 0 3%£jg 

CDfc*, ItffiWfc^^StfSlfr&iDCu, Cr, M 

o, v*j«tu«Bw^^raf4, ztiz'n. o. i~i. 5 

%, 0. 1-1. 0%, 0. 1-0. 8%, 0. 00 5 
-0. 1%, 0. 0003-0. 0 0 3%ki-Z><Otf£ 

[0 0 4 7] &:fb\ ±.m&7tm<Doib^ Cri$ffi.m^& 
con b iroffi^Sfi*^J;oT*I^ro»{t:Srffiil1-a t 

mm^, mm (o. 5~5&»%) ©^ig^- ^rt^ 20 

(N, C, O) £?c£fliU ll^#tt^^]±^t 

[0 04 8] C a : 0 . 003 (^DB^WM* L 

l^TPBI4 0. 0 0 0 5%) 

Zr:0. 0 3%WT (^*DB#<OM4LV^TPS(4 0. 0 
0 5 %) 

5ftH, ftttW(-fl-»^5E* (N, C, O) frgmt 

tLbco^*(i^F|aEt!*^^'e > b#P>n'5^\ C a -C*!4 
0. 0 0 0 5%^ ZrliO. 0 0 5%£Ji±©ttl 
-Z-mMKKZo L/i>U CattO. 0 0 3%, Z r (4 
0. 0 3%?r«^T-a*$-fr-5i:, »coff^jS^fg;7 

ffiftlC'^AD^#£*-5i§-3-CQC a £ Z r W#^Ti(4, * 
n-eti, 0. 0005-0. 003%, 0. 005- 40 

0. 0 3%t1-5©^iv\ 

[004 9] &«I|&fCo^T : *»W©iS53SS»»i, 
»«>AIUil»ti5ft*-rA^y9-W MB i-^^-f MB 

t ro-a-tfffl-a-iis 9 5 frm%$x±.x°h <o , 

[oo5o] sLkK.tmi,it*&m<DiKmxm (mr*s so 



ftffl 2 0 0 3 - 3 2 3 3 
10 

^EAtiLT^M1-*}fe, *6>lcttlRID<a?lfofl(miffli 

[0 0 5 1] »D^?aS : JD^?aS*S 9 5 0 t C*«T'fe5 
h 75 0MP a£k±<D$\M i &£fcfeftX'%tj:^m&ft 
fc5„ ifc, Apf&i&g*! 1 2 0 0°CSrSx5t, 

*45c* (N, c, o) ©5Bf£fl:a**-Hfrifc9. flffS 
fcs, rwfcfc, *pftffi,Ki49 5 o-i 2 o o°ct-f 5 

[0 0 5 2] JRIBE«©tt±aUt : *HWJ£JS<z>tt±iai£ 
j$3 6 0 0°C*rST*fc5i:, 7 5 0MP a W±<7>3l3g3&£ 

a 9 o o°c^®x.5i, flEK*iJ:rf*o||olPSt»Siic 
«fc sm^©»«k!is+^-e^ < , J»t4fi£*ro3g£i; £i$ 
JEfflWHfcihfcffSfcTc* (N, C) co^^{b^s^+^ 

0 0-9 0 OtttSO^i* tV\ 

[0053] : mm]fcM8f<07k'#}fflmMm 

i>*5 0 0 < C*«T'fe5t, 7 5 0MPaH±^!I5$$ 

&M46fig(4 5 o CCiUiti-sro^iv^ 

[0 0 54] ^±Piift : JPSftiP^COftiPilS^S 4 °C/ 

v^t^fo§ o rwfcif), Jpii^aiaf©ftS|i)Sffil4 4°C 
/S>t-f50*sj:t^. fti|!iiS(4 4 0 C/^±-e 

[0 0 5 5] 7Kftffltfig : *Pii»iPB#©7k^ff ±fiS 
*S3 0 OtSr^X-St, 7 5 0MPaa±©?IISS^ 
^■C'#^V^fc*(4T-^<, ffl c t I t-#:ffi1--5g* (0. 5 
~ 5 #:«(%) oa®*-^fW h*«^»U Effa©^ 

», iPiiftiPB#(75*^ff±?a^(4 3 o or^Ti-r^co 

^4v\ 

[0 0 5 6] fttc, *38W©»8NPW t K:o^TRWJ- 
S 0 

[0 0 5 7] *^B^wS8ffl^l4, *»^©S55ftK»J: 
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mm** mag^se^iw, m i Gmmm^mzmif z r 

[0 0 5 8] La>U ^OffiMnTM:, ft£&M0>3l9l 
31$^ 7 0 OMP a fi*±T, (©W©§|SS5££- 5 

0) MPaHi, igMfroT^a^-^x?^ 

»»»»j-&*s i o~8 oitmyoX'ibz&w&hZo 

[0059] ^osarafcoiis ?)-?*>*. -f-ftfr^ 
»«AJl©§l«aft*a*7 o omp 5 ti^gsB 

^ePO?|3S3i^^7 5 OMP aRJb£#ib-f\ *7t, ^ 
«&*«55IK3fi**s (e»w§l96»S-5 0) MP a* 
fiST-fc 5 i , K&*0£*#Jttft£t ft*! J: UWSgRAMi 

J*©*!^ 1 0 #m%3iMX*hZ> t , *gt£#S<D{fi;fi|g 



Iff*. 
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* ft < ft 5 ^ b T-fo 5„ 

[0060] ±flero*frSr«ifc-r»t 

[0 0 6 1] T I Gj§^»g\ UOEfflf^^ 

^y^t^ft^StbSSAWj&gtfWf. MAGSti 
f\ MlGSfftif©»#|:il *»Wwfl53fiS*l«»P> 

*KT\ 7>oTlEtf>(2) j&zZQfemZtlZP cm{(/55 

o. 2 0-0. 3 2ro^!fflrt»ii^!7-r-\'£fflv\ ^co 

^SSBfi^Ar, He, N 2 , C0 2 ^<D#*T">-A- 
KUT»«1-4*», *fc««riaBt L<[iSiIro77 

[0 0 6 2] 



Pcm=C+Si/30+ (Mn+Cu+Cr)/20+Ni/60+Mo/15+V/10+5B 



(2) 



* mm%) 

[0 0 6 3] " 20 

[«js#i] * i \^-tit^m.is.^-r^ i ossoa 

^2(C^-rffl^W*{4 : T*ffiJl2 0mm««Si U 
#^)Jlfcil«^Wi:t5^gl 0 1 4mm, ftjl2 

[0 0 6 4] jg&fi, 4fiOSAW^8I^ 

J8V\ Ail3~4kJ/mm©^tt-e, f*lfl-E& 1 ^ 
^«)§g^Jorftofc 0 ft 
5HBj*tf#*!J:«ffRI*-C, ffiSSUfc© it-t^j* $ti 
SPcmliSO. 27~0. 3 0OtOffiVfc o fttJ, 
*Sft<0iM?spfiO. 8-1. 2%tLt„ 30 

[0 0 6 5] -?:LT, fc&ftfcfcAMfKloivC, 
<0&g (fe0t»$YS (MP a) , §I3B»$TS (MP 
a) ) , BH4 (iHMSvTs :°C) . SEJISPir'P 
^(D^JS^^iftS-^/WxV^-r h (M) +^-r 

4 v (b) <omm^ (vol. %) , 

Stl57->^fa7-7i7>f h (AF) Wftat'J-g- (v 
o 1. %) . *£&JR0>3I5R341<*TS (MP a) £«H4 

(f*ffci&g- 3 OtfOv't/l't- WBL*-*]*'*?— v E 
-3oi: (J) Zm^Z-Ji, APIlfeCIS$tl5 
DWTTWRlcdtU 8 5%3Stt*ffi»»aUt (SAT 40 
T 85 % : °C) t®ItX^^=¥— (vEdwtt : 
J) fcP't, r ft 2 KfreT^Lfc. 

[0 0 6 6] ftfc\ ^&*<Z>giiB»£ fcBHJfett, 

[0067] £2*»bwe>a»fcj;3fc, 

5*#«r«lfci-pt#l~9<DUOEjS®«lfff4, l^ffl 
t, fttO?II3^TSAi7 6 5MPa«±, 
«§IS^$TS^8 2 2MPafil±iS<, SOttfcWt 
©fflIM^-8 6°C£lT, i£l£&Jg /uf- 

0 5 JW±i:&#FCfc>J, L*»t>D 50 



WT TmfcO 8 5 %ji£tt*SM^?afi S A T T s 5% 

ltKT, -3 0t:"C(DDWTTfflil|X^^/U^f— 
vEowTT-aot: #S6 8 8 7 J!£k_kk. V^fft&S 

SO-3 0t^T, 5 0 0 0 J£J(±^7C*S[r±[p|oT^ 

[0068] r*u;:*tu *56WeS)£i-5(i) SCfi* 

0 8%£jg£5ft?£H£>0W>e ) ft.5ii$;#l 0©UOEg 

smth. ■att-*5it>«^jg»^Si:iigtti4S»ft'b 

WW, SATT 85 % ^_i8°C, vE 
dwtt-30'c * 5 2 7 7 5 J i , V-f Jit S^O— 3 

0°CJJ(T\ 5 0 0 0 J m^^Mlt-TlHlo-O^o 
[00 6 9] #7C3SO^**«*3S^-CS^-f-'5 

ftf l©«*>bi5KSl lWUOEggafii, 
ro^Si$flttf±&&ftt><D<7\ 

^9, SATT.s* i5-2 2t, vEdwtt- 

3ot *S3 1 2 5 J V^-fttt@ScO-3 0°C«T, 

5 0 0 0 J ^^TCiH^TEoTV^. 

[0070] ^e,^, «sjr-a^-r5(D attmitt 

fWj©*W»e>ft-5i*#l 2©uOEMifi±, 

W»§IK3*$^"b 5 OMP a ^))gCfcffi»9 3 8MP a 
it)fr'9 0 2MPaffc5fc*l: l WATT. S % tf* 
-15°C, vEdwtt-30-c ^31 12Ji > V>f 

Hi>8M<D-3 0°C£XT, 5 0 0 0 J U-tttm^T® 

[0 0 7 1 ] ft&, J&(±(DSm(i, *^B^£Oili?iSffl, 
- co^?Sg»37i> h ft 5 «t LN'li g j»gi^*5 «t t>'U O 
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9) 

ft 


it ^ ffl file («tt:M96. m:Fe^J:tf7IC4fB) 


c 


Si 


Mn 


p 


s 


Hb 


Ti 


sol Al 


N 


o 


Cu 


Ni 


Mo 


Cr 


B 






A 


0. 07 


0. OB 


2. 20 


0. 005 


0. 0004 


0. 050 


0. 015 


0. 025 


0.0021 


0. 0012 














0. 030 


B 


0.05 


0. 07 


1.78 


0. 005 


0,0003 


0. 020 


0.010 


0.015 


0. 0022 


0.0015 




0. 30 


0. 21 








0. 030 


C 


0.04 


0. 05 


1.61 


0.004 


0.0003 


0. 020 


0. 012 


0. 030 


0.0015 


0 0018 


0.30 


0. 51 


0.40 


0. 10 


0.0009 


V:0.03 


0.027 


D 


0.04 


0. 12 


1.83 


0.005 


0. 0005 


0.015 


0. 010 


0. 018 


0. 0014 


0. 0012 




1.02 


0. 28 


0. 31 




V:0.04 
Ca:0. 0015 


0. 02B 


E 


0. 06 


0. 05 


1.59 


0. 002 


0. 0003 


0. 020 


0. 015 


0. 016 


0. 0025 


0.0018 


0. 20 


0. 57 


0.22 


0.19 


0.0012 


V:0. 04 
2r:0. 015 


0. 030 


F 


0.04 


0. OB 


1.82 


0.003 


0. 0002 


0.015 


0. 01 4 


0.025 


0.0022 


o. 0009 


0.62 


0. 31 


0.40 




a 0008 




0.023 


G 


0.04 


0.15 


1.62 


0.001 


0. 0003 


0.025 


0. 012 


0. 031 


0.0012 


0.0017 


0.19 


1.38 




0.11 


0.0007 




0. 022 


H 


0. 05 


0.10 


1.83 


0. 001 


*0.0012 


0.045 


0. 014 


0.022 


0. 0015 


0.0015 


0. 45 


0.30 


0. 19 








0.040 


1 


0.07 


0.15 


1.78 


0.008 


0. 0007 


0.025 


0. Oil 


0.035 


0.0038 


0.0025 


0.30 


0. 39 


0. 31 




0.0008 




*0. 054 


J 


♦0.12 


0. 09 


1.41 


0.002 


0. 0003 


0. 035 


0. 015 


0. 042 


*0. 0042 


0.0018 


0.50 


0.50 


0.33 




0.0012 




0. 038 



32) Afltli* it r A =20xS + P+5* (N+C)J fcJ:*ti-jr<!T'fc.5 0 



[*2] 

S 2 



« 


m 

ft 
* 






M + BtDSHrq 
< vol. 96) 


tt *r a * tt 


* tt * m <n # tt 


(API DfflTT ft 14) 


mm 

TO 


ra 


Pitt 

(°C) 


* SP 
& £ 

ec/*) 


as 

CO 


YS 
(UPfU 


TS 
OlPa) 


vTs 
TO 


A F<f> 
(vol.96) 


TS 
(HPa) 


vE-oo* 
U> 






SATT««* 

CC) 


Eowtt-sohc 
(J) 


t 


A 


1100 


800 


700 


25 


200 


95 


90 


704 


765 


-96 


50 


822 


152 


-45 


9789 


2 
3 
4 


S 


1150 


820 


740 


28 


250 


96 


90 


713 


775 


-89 


65 


835 


182 


-51 


8998 


1100 


800 


700 


25 


150 


98 


94 


879 


955 


-96 


25 


1005 


105 


-41 


6887 


1000 


750 


550 


29 


180 


96 


95 


860 


945 


-108 


30 


950 


135 


-52 


6994 


5 


c 


1100 


800 


700 


26 


220 


95 


93 


878 


955 


-101 


20 


985 


128 


-48 


7221 


6 


D 


32 


50 


97 


94 


888 


976 


-115 


30 


988 


135 


-63 


6889 


7 


E 


25 


210 


96 


92 


868 


952 


-98 


35 


1015 


112 


-59 


7228 


8 


F 


28 


180 


98 


95 


863 


949 


-95 


30 


975 


132 


-61 


8128 


9 


G 


26 


190 


97 


91 


853 


948 


-86 


25 


989 


120 


-41 


6994 


10 


*H 


25 


200 


96 


85 


695 


756 


-88 


65 


805 


156 


* -18 


* 2775 


(1 


* I 


95 


88 


872 


948 


-69 


* 0 


1105 


32 


* -22 


* 3125 


12 


♦ J 


96 


89 


918 


988 


-92 


35 


* 902 


135 


* -15 


* 3112 
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